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ABSTRACT
Chemical sensor is working as a widely used device which can be applied to the detection
of specific chemicals that are existing in the environment especially in gas phase. The detection of
combustible and toxic chemicals can be extremely important in the field of both industrial and
civil activities. The chemical sensor is commonly operating by utilizing a chemical or physical
interaction between the specific chemical compound and the sensing functional unit, to obtain an
electronic signal caused by the property change and realize the chemical detection. Traditional
chemical gas sensors such as catalytic gas sensor, thermal conductivity gas sensor, optical gas
sensor and others all share different principles together with distinct advantages and disadvantages.
To optimize the functionality of chemical sensors in aspects of both selectivity and sensitivity,
which decide the performance of the sensors, Metal-Organic Frameworks (MOFs) are introduced
and widely applied to the research in the field of chemical sensors. MOFs is known as porous
materials which possess the crystalline structure consists of metal ions and organic ligand linkers.
The nature of this structure has endowed the material with high surface area, tailorable pore size
and the ability to coordinate with specific chemical compounds, which makes MOFs as good
candidates to improve the selectivity and sensitivity of sensor systems.
Here in this work, a novel method of synthesizing MOF thin films has been introduced, to
provide a general way to grow different MOF thin films with Zn, Al, and Cu as coordinate centers.
The MOF thin films with great adhesion and uniformity are achieved in a simple and convenient
way, unlike conventional methods. It is shown that the MOF thin films can be synthesized by using
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metal oxide sputtered thin film as a template to provide metal source, and ligand solution as
reaction environment. The morphology and thickness of certain MOFs can be adjusted by
changing the parameters of the reaction condition, which can be possibly applied to the sensing
system such as QCM and impedance sensor.
Additionally, the method to convert metal oxide thin layers into MOF thin films can be
applied with little limitation on the substrates, which could be flexibly used for glass, silicon wafer,
metal surface as well as polymers. This is due to the fact that a metal oxide thin layer still remaining
between the substrate and MOF thin film and acting as a binding buffer to offer a strong connection
between them.
Furthermore, using this method, MOF thin films has been grown on the polymer protective
layer of optical fibers to fabricate optical sensing device which achieves a detection towards to
ethanol vapor with the changes of partial pressures. The MOF thin film and polymer layer
constitute a Fabry-Perot cavity, which creates an interference spectrum when light pass through.
The interference spectrum shifts when dielectric properties of the transmission media changes,
caused by an adsorption behavior of MOF layers. In other words, when the Fabry-Perot device
exposed into an environment with target chemical gas, the interference spectrum peak shifts along
with the changes of chemical concentration. A specific MOF thin film, SIFSIX-2-Cu-I, which is
using CuSiF6 and dipyridilacetylene as its building units, has been uniformly grown on the surface
of polymer layer, showing a significant interference peak change with the alternation of
atmosphere with ethanol vapor.
It is proved in this dissertation that this simple, convenient, and easy-to-control method to
fabricate Zn, Cu and Al based MOFs can be realized, and there is a huge potential to put the as-

vii

synthesized MOF thin films into designation of different types of chemical sensors, such as optical
fiber or other fields.
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CHAPTER 1. INTRODUCTION OF CHEMICAL SENSOR AND MOFS THIN FILMS

1.1 Chemical Sensor
Chemical sensor is generally a widely used device which is designed to detect specific
presence chemicals, always recognized for the detection of flammable, combustible or toxic
chemical compounds, such equipment often works as part of the safety system for the industrial
and civil uses. Furthermore, varieties of chemical sensors have been developed based on different
principles for specific applications. Commonly, the working principle of such sensors is to have a
chemical or physical interaction happens between the target chemical compound and active layer
which is a functional unit, causing changes in properties of the unit and producing an electronic
signal (such as frequency, voltage or current) which is strong enough to recognize. The most
significant features of chemical sensor are commonly agreed as sensitivity and selectivity, the
requirement could reach as high as ppb level of target analytes in specific environment. other
factors are also concerned during the research in this field, such as ease of use, non-invasive,
technical simplicity, response time and broad adaptivity, device size, etc. Nowadays, the detectors,
mostly for the application of gas sensing, can be classified by distinctive operation mechanism:
catalytic gas sensor, thermal conductivity gas sensor, electrochemical sensor, optical glass sensor,
infrared gas sensor, semiconductor gas sensor, acoustic wave gas sensor etc. Each type of chemical
sensors shares specific advantages and disadvantages, according to their essential properties.
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Catalytic gas sensor allows chemical compounds to react as an oxidizer when contact with
catalyst unit, leading to a change of resistance in the whole system. The device can be simple and
low cost, which can be used especially for the measurement of flammable chemical gases.
However, it also requires the target chemical to be able to oxidize and the presence of oxygen.
For the thermal conductivity gas sensor, it has introduced a reference gas into
chromatography. It is realized by compare the thermal conductivity between target gas and
reference gas. This device can be simple and easy to use as well, and oxygen is no longer required
compared to catalytic sensor, but the working temperature can be another limit in this method.
The electrochemical sensor can be applied to the detection of toxic gases with low
concentration. When the gases pass through the electrode of this device, a reduction or oxidation
reaction occurs to generate electric current and make the detection. This type of sensor can be
extremely sensitive nevertheless, the limited lifespan and false alarms could be the drawback of it.
Optical gas sensor is designed to alter the light propagation to fulfil the task. It is unlikely
to be affected by the ambient environment except other light interference. Thus, optical fibers are
introduced and widely studied to ensure the stable transmit of light signals. Furthermore, the
selectivity is still a change in this field.
Infrared gas sensor is widely used since certain the chemicals practice different infrared
absorption, however, not all gases can be applied to this method especially for the ones which do
not have any infrared absorption.
Semiconductor gas sensor consists of metal oxide part acting as a semiconductor, the
conductivity changes when this part exposed to the gases. It can be used in common environments
but easily getting contaminated, besides, the response from this device may not be linearly
presented and hard to calibrate.

2

Acoustic wave sensor is realized from resonant frequency shift of an oscillator circuit such
as quartz crystal microbalance (QCM)1. By the measurement of subtle difference of weight change,
the signal could be detected. However, the selectivity and sensitivity of this device is determined
mainly by the nature of materials which is coupled to be the gas adsorbent.

1.2 MOFs Applied to Chemical Sensor
Metal-Organic Frameworks (MOFs) are defined as a series of chemical compounds
which consists metal ions and ligands, they are connected by coordinate bond in different
coordination number to create two- or three-dimensional structures.

Figure 1.1 MOF structures of (a) ZIF-4, (b) ZIF-7, (c) ZIF-8. The purple tetrahedra structure
represents ZnN4, with the ligand shows in the middle. Adapted with permission from Ref. 2.
These long-range ordered crystalline structures are categorized as porous coordination
polymers2. The nature of this structure makes this kind of materials to be flexibly tailored or
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modified with designed properties in pore size, surface area, selective adsorption, and active sites.
During last 20 years, there are more than 70, 000 different MOFs and 2, 000 three dimensional
structures were found in such materials, makes it applicable to be used in many fields such as
chemical separation, catalysis and chemical sensing. With the ability to selectively adsorb target
chemicals in a certain environment and then changes its properties, MOFs materials are found to
be a promising candidate in the research of chemical sensing field. It is found that MOFs have
been introduced in the research mostly on electrochemical and optical sensors, which can be
appended to enhance the performance of traditional sensors.

Figure 1.2 (a) Scheme of MOFs materials applied to FET gas sensor. (b) sensor current change
due to adsorption effect. Adapted with permission from Ref. 3.

4

1.2.1 Fabry-Perot interferometer
To enhance the selectivity and sensitivity of chemical sensor in the fields of industry,
environment and research, to expand the limit in chemical sensing application, Metal-Organic
frameworks (MOFs) have been introduced into the fabrication of optical sensors such as
waveguide-based optical fibers4, because of their various sorption kinetics and alterable properties
owing to the guest-induced changes. The first MOF material that is designed to form a thin film
for the purpose of optical gas sensing can be traced back to 2010, when a series thicknesses of
ZIF-8 thin films are grown on silicon substrates via layer by layer method to make up a FabryPerot interferometer (FPI), showing respond signals toward to propane and ethanol/water with
different concentrations5.

Figure1.3 (A)ZIF-8 thin film on silicon substrate with different thickness. (B) UV-Vis spectra of
ZIF-8 thin film in propane vapor. (C) In ethanol vapor. (D) Interference peak shift with the
concentration change of ethanol. Adapted with permission from Ref. 5.
In this method, the concept of Fabry-Perot interference (FPI) is introduced, which happens
when two parallel reflective mirrors exist with a fixed distance. As the light wave transmit across
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the mirrors, it is reflected between them and comes with an interference spectrum. The spectrum
peak changes along with the refractive index of the mirrors, which means when the dielectric
properties of the mirrors change, the spectrum peak will shift as well. By utilizing the selective
adsorption properties of MOFs materials, the refractive index, which is known as n, is significantly
increased, or decreased when exposed in the target chemical atmosphere with different
concentration.
Additionally, this method of utilizing FPI is not limited to the form of MOFs thin films, it
is also suitable to be applied with bulk crystal of MOFs. As is shown in figure 1.4 7, a MOF single
crystal which is HKUST-1 as a copper-based MOF that has been attached onto the end face of an
optical fiber by epoxy to form a Fabry-Perot cavity and transmission media. Here in this system,
the attachment junction between optical fiber end face and HKUST-1 crystal forms the first mirror,
and the MOF surface with atmosphere environment as the second mirror. When the light pass
through the interfaces, it will be partially reflected by the Fiber-MOF interface, with the remaining
input light partially reflected by MOF-surrounding interface, a refractive spectrum is formed and
harvest by the spectrometer.

6

Figure 1.4 (a) scheme of HKUST-1 single crystal attached on optical fiber. (b) Optical
microscope of the optical fiber end face. Adapted with permission from Ref. 7.
1.2.2 Photoluminescence MOFs sensor
Photoluminescence effect is also widely explored in MOFs materials, which allows such
materials to reflect luminescence change with the engagement of target chemical compounds. The
luminescent MOFs normally deliver signals by the quenching effect or emission enhancement
caused by the guest molecule adsorption. With the intervene of guest molecules, it changes the
orbital states of electron donor or acceptor, altering the redox potential from the original structure,
leading to an enhancement or reduction in the light emission effect, which is known as to enhance
or quench the luminescence. Luminescence MOFs can be extensively used due to the simplicity
in preparing and good adaptivity in liquid and gas phase. As the traditional solvothermal method
can be applied to fulfill all the requirement in preparing luminescence MOFs. The particle size,
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for both powders, and single crystals, can be adjusted by applying different parameters during the
synthesize.

Figure 1.5 (a) Supernatant of Al-MIL-53-NO2 suspension in series of concentrations of NaHS
under daylight and 339 irradiations. (b) The emission intensity of supernatants. (c) Emission
intensity VS concentration of supernatant. Adapted with permission from Ref. 8.
It is shown in the recent research that Al-MIL-53-NO2, which is functionalized by -NO2
group and considered to be non-luminescent, has been “turned on” by the interaction of H 2S in a
MOF suspension solution to realize the H2S sensing. With the effect of H2S in the solution, AlMIL-53-NO2 was decomposed and -NO2 has been reduced into -NH2, result in an enhancement in
fluorescence effect of the suspension system.
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1.2.3 Electrochemical sensor
Quartz crystal microbalance (QCM) is categorized as a kind of mass-based electrochemical
detector. Traditionally, polymer materials are introduced in this method to act as the chemical
adsorbent, when the target chemical is adsorbed into the polymer surface, the intrinsic property
which is known as resonate vibration frequency has been changed, the quartz crystal which
undergoes the piezoelectric effect generates signals as is learnt to be the frequency shift. This
technique is comparatively simple and low cost, thus is developed for commercial use. In the
frequency vibrator system, the choose of chemical absorbent to a great extent determine the
sensitivity and selectivity of the sensors, and therefore MOFs materials can be fitted to the uses
into this system. Due to the tunable pore size, surface area and designable selectivity towards to
specific target chemical compounds, MOFs thin films coating have been developed to be the
sensing layer especially for volatile organic compounds (VOCs).
A simple example of this technique is been reported as MIL-101 (Cr) nanoporous MOF
material thin film coated on QCM sensor to realize a detection of a group of VOCs such as pyridine,
ethanol, 2- propanol, acetone, chloroform etc9. MIL-101 (Cr) nanocrystals was synthesized by
solvothermal method, made into ethanol suspension after rinsed and dried under ambient condition.
The MOF-ethanol suspension is dropped onto the QCM electrode surface, another drop of the
suspension solution is followed to cast on the electrode when it is completely dried. After multiple
times of the casting, the MOF crystals are evenly spread on the QCM.

9

Figure. 1.6 Scheme of the QCM sensor setup. Adapted with permission from Ref. 9.
However, this method has its own limit and is not adaptable to put into commercial use.
The MOF crystals are simply stacked on the circuit surface and there is no bond between the
substrate, which is mostly considered to be gold, and MOF crystals makes it unstable in
measurement and calibration. Vibration, impact, or air flow may easily erase the MOFs from the
electrode, makes it unreliable to use in a long term. Thus, more research on the thin film coating
method is still waiting to be developed to better fitted the combination with QCM system.
Similar as the QCM sensor, surface acoustic wave (SAW) sensor is also used for VOCs
sensing. The principle of such device is slightly different from QCM. For SAW sensor, a series of
paralleled acoustic waves are traveling in the system with a certain frequency. The chemical
compound is adsorbed to shift the vibration frequency which can be detected.
Microcantilever is designed to harvest the signal generated by the cantilever vibration. The
signal could be either oscillation frequency or optical deflection. The slight mass change on the
10

end of the microcantilever is resulting in a large shift in oscillation frequency, besides, it also
brings up with a stain at the microcantilever surface, then the light bean will be deflected and
observed .

Figure 1.7 scheme of a fabrication process of the resonant microcantilever. Adapted with
permission from Ref. 12
As is shown in Figure 1.7, fabrication of the patterned microcantilever with parylene-C
coating is illustrated. Continuous UIO-66 MOF thin film is grown on the microcantilever through
a one-pot solvothermal method known as in-situ growth. It shows a sensitive respond to the trace
amount of organophosphorus compound with a detection up to 5 ppb.

1.2.4 Impedance sensor
Impedance sensor is initially investigated to be a gas sensing system by applying metal
oxide thin layer, which are semiconductors, to react with the target gases attracted by the metal
oxide layer, either been oxidized or reduced, and change the impedance properties of the electrodes.
11

Compared to the original impedance sensor system, MOFs material becomes a good substitution
of metal oxides with outstanding adsorption ability and easy-to-modify structure. For target
chemical compounds can be adsorbed and coordinated by the active metal sites, it is more easily
for MOFs to achieve the sensing task. Another advantage of MOFs is that the stable structure can
be reused by a desorption process and make it possible for the recycling use.

Figure 1.8 The scheme of impedance sensor setup. Adapted Ref. 13.
In this system, the interdigital electrodes (IDE) are working as the functional part, MOFs
thin films are grown yet covering the surface of IDE to form a sensing platform.

12

1.3 Method to synthesize MOFs Thin Films
Research towards to MOFs sensors has attracted more and more interests during recent
years. The nature of MOF materials shows great potential when apply to chemical sensing platform.
Thin films turn out to be a great form to combine the traditional chemical sensor with MOF
materials to improve the performance. The deposition of MOFs materials onto different support
substrates is remaining to be a challenge when apply to specific situations. The substrate may very
from solid silicon wafers, gold, glasses, and metal oxide surfaces to flexible supports such as
polymers and fabrics. The condition of substrate surface can be as smooth as single crystal silicon
or as rough as metal oxide. Thus, varieties of strategies towards to the MOF thin film growth have
been developed to meet the requirement with different conditions.

1.3.1 Solvothermal method
As is discussed above in the section of chemical sensor, the solvothermal method
(sometimes to be known as one-pot synthesis method) is most widely used to prepare MOF thin
films which has little demand on the adherence stability with substrates. Normally, MOF
nanoparticles are synthesized by mixing the solution of metal salts and ligands into an autoclave,
heating and preserving under a typical range of temperature for a certain time. When apply to this
method, the substrate is also put into the container with a desired angle and submerged into the
solution. The formation of MOF nanocrystals will be favored to start at the surface of the substrate,
followed by a continuous growth of MOF thin films. However, the thin film is easy to fall off from
the substrate since there is no bonding effect between the substrate and film layer. To solve this
problem, a concept of functionalized substrate has been introduced.
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1.3.2 SAMs method
To functionalize the substrate with desired functional group as linker to connect with
substrate and MOF crystals, self-assembled functional group monolayer is deposited onto the
substrate surface, such as -COOH, -NH2, and -OH. The metal ions will coordinate with these group
terminates as well as organic ligands to form a stable thin film layer of crystals that is attached on
the substrate, followed by a subsequent growth to thicken the film layer.

Figure 1.9 Scheme of the layer-by-layer method to grow MOF thin film on SAM substrate.
Adapted with permission from Ref. 14.
The method to use self-assembly monolayer can also be applied to the layer-by-layer
method, which can be achieved for the MOFs that can form under room temperature, thus is limited
to some specific MOFs formation. As is reported in Ref. 14, HKUST-1 which is a copper-based
MOF with the coordination of benzene-1,3,5-tricarboxylate as ligand, has been grown on gold
surface by this method. The substrate with Au surface is firstly functionalized by mercapto group
such as 16-mercaptohexadecanoic acid, after which the surface is terminated with -COOH, and is
able to capture the Cu2+ ions in the solution. The modified substrate then is submerged into metal
precursor solution and organic linker solution alternately with a rinsing and drying step after each
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turn. In this way, the MOF thin film nucleates and accumulates on the SAMs gold surface and
forms continuous MOF layer.

1.3.3 ALD method
Another method to synthesize stable MOFs thin films is known as atomic layer deposition
(ALD) which can also applied to layer-by-layer synthesis. For ALD method, the substrate is not
simply modified by a specific chemical compound to provide groups as linkers between MOFs
and substrates, instead, a monolayer of metal precursor such as ZnO, Al 2O3 and TiO2 is deposited
on the substrate by chemical vapor deposition. As a gas phase process of ALD, the metal precursor
layer will be firmly coated on the substrate acting as a linker itself and is readily to grow MOFs
thin films with the layer-by-layer method. Furthermore, it is not limited to liquid phase reaction,
the MOFs formation can be achieved during the ALD process if the ligand precursor is also chosen
to be volatile15.

Figure 1.10 Scheme of interactions (a) between UIO-66-NH2 MOF and ZnO ALD thin layer and
(b) MOF itself with hydrogen bonding ligands. Adapted with permission from Ref. 16
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In figure 1.10, it describes a successful combination between UIO-66-NH 2 MOF and βcyclodextrin/cetyltrimethylammonium bromide complex to form a stable coating on the polymer
and fabric.

1.3.4 CVD method
Similarly, the chemical vapor deposition (CVD) method is known as a deposition method
which involves gas phase reaction between the metal oxide deposition and ligand precursors.

Figure 1.11 Scheme of ZIF-8 thin film synthesis achieved by chemical vapor deposition.
Adapted with permission from Ref. 17.
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As is shown in figure 1.11, a substrate is fixed in the sputtering chamber, in step 1, the zinc
oxide thin layer is deposited on the support surface, then the chamber is vacuumed and in step 2,
the ligand vapor which is 2-methylimidazole has been filled into the system. Under the atmosphere
of ligand vapor, zinc oxide thin layer is gradually transformed into ZIF-8 MOF thin film at 100℃
for 30 mins. The MOF thickness with this method can be easily controlled by adjusting the
deposition parameters, it is mostly decided by the metal oxide deposition thickness. The limit of
this method is depending on the ligand precursors, which is required to vaporize under a specific
environment. This work not only proves a novel method of the MOF-CVD approach, but also
offers a way to use metal oxides as precursors to synthesize MOF thin films.

1.3.5 Liquid phase epitaxial method
Liquid phase epitaxial (LPE) method is used for the formation of crystalline structure as a
form of thin film. It comes from a supersaturated solution or melt of the crystals, when it is spread
on the support, as the crystal phase separates out due to the evaporation of solutions or cooling
effect, a large scale of continuous compact film layer emerges on the surface of the substrate. This
technique can be also used to synthesize MOF thin films.
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Figure 1.12 Scheme of the spin coating setup associated with LPE effect to synthesize MOF thin
films. Adapted with permission from Ref. 18
It is reported to have the LPE technique together with spin coating method to obtain fine
and smooth thin films of ZIF-8 and HKUST-1. In figure 1.12, it displays a spin coating device to
fabricate the MOFs. A substrate is captured and fixed by the vacuum chuck and will rotate
simultaneously with the chuck. The metal salt precursor and ligand precursor are dissolved into
evaporable solution which is known as methanol. With the spinning of substrate processes, certain
amount of vaporable solutions is dripped on the substrate alternately. The MOF thin films are
formed instantly as the solvent dries out when spinning. It is proved that this method can be applied
to various substrates and not limited to silicon wafer, glass and metal surface on a large scale.
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1.3.6 Interfacial method
An interesting synthesis method to prepare self-standing MOF thin films is known as liquid
interfacial formation. By preparing immiscible solutions of organic ligand precursor and metal
source precursor with organic phase and inorganic phase, a liquid-liquid interface forms between
the two solutions, at which the ligands and metal ions contact and coordinate with each other,
resulting in a nucleation of MOF thin film at the interface.

Figure 1.13 ZIF-8 self-standing MOF thin film formation at the interface between organic phase
and inorganic phase solutions.
Figure 1.13 has exhibited the formation progress of self-standing ZIF-8 MOF thin film at
the interface of DI water and chloroform solutions. With zinc nitrate dissolved in water phase and
2-methylimidazole dissolved in organic phase, the formation of MOF thin film starts immediately
as is observed in (a) when the water solution is poured into the beaker. The ultrathin film is initially
flexible and fluctuating with the solution disturbance. However, after standing and aging for an
hour, the film becomes fixed and fragile when lifting out of the solutions. Some papers have
reported with this method to synthesize other MOFs such as MOF-5, MIL-53 (Al) and HKUST119-25, demonstrated this method to be flexible applied to varieties of MOFs.
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1.3.7 Other methods
There are even more efforts toward to different methods in MOF thin film synthesize,
including but not limited to direct deposition of MOF powders, electrochemical deposition,
bottom-up assembly. Some methods can be a combination or modified strategy, such as substrate
seeded method, which is using CVD method to deposit metal oxide layer as seeding unit, and
solvothermal pattern to make MOFs nucleate on the seedings.

1.4 Conclusion
MOFs thin films are widely investigated as a promising candidate for sensing device. It is
proved that the introduction of MOF materials has largely improved the functioning performance
of sensors with a better sensitivity and selectivity. Varieties of strategies have been developed to
solve the problems that are encountered when apply such materials to the existing sensing systems
and make them to be commercially usable. However, some more studies are still needed to elevate
the capacity of MOFs materials and make them adaptable to different uses. Thus, in this field,
MOFs thin films are still waiting to be exploited as sensing units.
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CHAPTER 2. VARIOUS OF CONTINUOUS MOF THIN FILMS FORMED BY
CONVERSION OF CORRESPONDING METAL OXIDE THIN FILMS

2.1 Abstract
Adhesion and uniformity are still challenging the synthesis of MOFs thin films using
conventional methods. Herein it is demonstrated that by using metal oxide thin films as metal
source, followed by a direct reaction with ligand solutions, the growth of uniform and stable MOFs
thin films can be achieved. Formation, morphology and thickness of ZIF-8 and MIL-53 (Al) are
discussed, also, for the first time, Sifsix-2-Cu-i thin film is prepared, further proves the potential
of the MOF thin film fabrication strategy. All the MOFs thin films are characterized with x-ray
diffraction patterns for the identification, the patterns are mostly consistent with the calculated
ones shows that sometimes even with the different morphologies of the surfaces, the crystalline
structure of MOFs are stable and unchanged.

Keywords: MOFs, thin film, metal oxides, conversion, various substrate

2.2 Background
Metal-Organic Frameworks (MOFs) which are categorized as porous materials and well
known by the nature of tailorable structure, variety of pore sizes as well as high surface areas, have
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attracted a huge number of researches in different fields during last decades. 1 The applications for
such crystalline materials have been spread all over in the subjects such as gas permeation and
separation, catalysis, chemical sensing.2-4 To further investigate the function and intrinsic
properties of MOFs material, the concept of thin film has been brought in as a promising model.
MOFs thin films was initially introduced to grow ZIF-8 and HKUST-1 on alumina and silica
substrates for the uses of chemical sensing and catalysis, 5,6 followed by diverse methods with
different kind of MOFs including and not limited to layer-by-layer method, 7 seeded growth,8 gas
phase reaction,9 epitaxial growth.10 The quality of their adhesion, nucleation, growth, and
uniformity has been intensively discussed since in traditional MOFs synthesis method, also known
as solvothermal method, the growth of compact crystalline layer onto a certain substrate is not
always favored, especially for silica and metallic surfaces which are widely used in semiconductor
devices. Thus, a functionalized surface is introduced to provide nucleation sites for the growth of
crystals, acting as an intermediate binder between substrate and MOFs crystals. Also, a seed layer
of MOFs could form firstly for the further growth of MOFs layers, which is more likely to generate
high quality and continuous thin films. However, the extent of adhesion is still determined by the
properties of substrate and organic linkers in this situation, which means it is limited by the couple
which can form chemical bonds, and hardly applied to the uses of all combinations.
ZIF-8, well known with its robust structure, as is coordinated by zinc ions and 2methylimidazole, has been widely explored due to the extraordinary thermal and chemical
stabilities,11 especially in the field of thin films.12 It is found in early research that when apply zinc
carbonate basic as the resource of zinc ions to the synthesis of ZIF-8, the coexistence of ZnO
nanoneedles and ZIF-8 crystals is observed during the reaction, followed by a transformation from
ZnO to ZIF-8 until fully reacted, resulting in a complete formation of ZIF-8 crystals. 13 This work
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has fully proved a specific example of solid phase transformation between metal oxide and MOF
crystals, which is dominated by Avrami’s classic model. Later, the concept of ZIF-8 thin film
conversion from ZnO nanolayers has been brought in.14 An atomic layer deposition (ALD) of ZnO
thin film is used to provide the zinc ions in ligand solution, and the reaction proceeds along with
the assistance of microwave irradiation. It is demonstrated that the ZnO thin layer has been
partially transformed into MOF thin film, however, the conversion rate is still waiting to be
improved.
The strategy to convert metal oxide thin film into MOFs thin films has artfully solved the
adhesion problem between substrate and MOFs layers. For the metal oxide thin films can be easily
achieved through the techniques including chemical vapor deposition (CVD) and physical vapor
deposition (PVD), which are widely used in producing continuous, defect free and low-cost thin
film coatings. However, in some respects, this strategy can be improved and deserving more
developments. Generally, a little partial of metal oxide thin film is supposed to be remaining
between the MOF layer and the substrate, acting as a binding intermediate to create a solid
connection between the surfaces. Thus, a requirement of the extent in the reaction turns out to be
a crucial factor in sacrificing metal oxide thin film to produce MOFs. Too much reaction results
in an exfoliation of all the MOFs, on the other hand, insufficient reaction leads to an
unaccomplished conversion of MOFs thin films. The adjustment of reaction condition is still a
challenge to synthesize MOFs thin films with fine crystallinity. Till now, this strategy has been
applied to the conversion of ZIFs and MIL-53 (Al)15, different kinds of metals could be applied
for the conversion of various of MOFs, which can be largely extending the purpose of this method.
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To further explore the mechanism of conversion between metal oxide thin film and MOFs,
as well as to improve the quality and controllability of MOFs thin films via this method, here in
this work, it is reported with a specific solvothermal-like process to convert various metal oxides
thin films into corresponding MOFs, including ZnO, Al2O3, CuO. The potential of such metal
oxides thin films acting as precursor of MOFs has been proved via adjusted ligand and reaction
conditions. As is shown in Scheme 1, the metal oxide thin film is initially deposited on the surface
of substrates through either PVD or CVD method, followed by a specific treatment of ligand
solutions according to different target MOFs. The growth of uniform MOFs thin films can be
applied to various of substrates.

Scheme 2.1 Schematic diagram of MOF thin film growth on substrates from metal oxide.

2.3 Result and Discussion
2.3.1 ZIF-8 thin films growth from ZnO deposition
Starting from the ZnO deposition, which is processed by a PVD sputtering system to
deposit a uniform thin layer of the material onto a silicon wafer as substrate. The thickness of this
thin layer is designed to be around 100 nm by a precisely control of processing time with a certain
deposition rate. As a precondition to synthesize uniform MOF thin film, the defect free ZnO thin
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film is guaranteed by this technique. A 2-methylimidazole solution is prepared with DI water and
the substrate is immersed into the solution under room temperature, aging for 2 days after the
formation of ZIF-8 thin film with a fine crystallinity, as is shown in Figure 1. The identity of ZIF8 is also demonstrated along with other MOFs through XRD patterns in Figure S1.

Figure 2.2 ZIF-8 thin film converted from ZnO nanolayer on silicon wafer. (a) The wafer is
recognized as two areas, the upper area is ZnO nanolayer without reaction, the lower area is ZIF8 thin film after the reaction. (b) Morphology of ZIF-8 thin film revealed by scanning electron
microscope (SEM). (c) Cross-section SEM image of ZIF-8 thin film as is grown on substrate.

The substrate shows an obvious change from smooth ZnO thin layer to a rough surface of
ZIF-8. The organic linker 2-methylimidazole consistently coordinates with the zinc ions released
to the solution has led to the progress of this conversion, it also helps the ZnO to dissociate in H 2O
solution, facilitate the reaction to carry on. Thus, the choose of solvent and ligand concentration
become crucial roles in the reaction. Attempts with different solvent have been delivered in this
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method trying to optimize the reaction condition, it shows that in short period of one week, no
change on the wafer surface is observed with solvent of methanol, ethanol or dimethylformamide
(DMF), which are normally used in traditional solvothermal method to synthesize bulk ZIF-8. The
impact of ligand concentration during the conversion is also explored, the morphology of ZIF-8 is
shown in Figure S2. It indicates that with the increase of ligand concentration, the crystallinity of
ZIF-8 is getting better with a short reaction time, higher concentration may cause the thin film to
peel off, acting as an obstacle in the time control of the reaction. The thickness of MOF thin film
is determined by the original thickness of metal oxide and its conversion rate. The ratio is
calculated with equation γ = [M/ρ(ZIF‐8)]/[M/ρ(ZnO)], with the assumption that when substrate
area is fixed, the change in thickness before and after the conversion is equal to the volume
difference between ZIF-8 and ZnO with same amount of substance. The molar mass (M) of ZIF-8
and ZnO are known as 227.58 g mol-1 and 81.38 g mol-1, the density (ρ) of ZIF-8 and ZnO are 0.95
g cm-3 and 5.61 g cm-3. As a result, the thickness ratio can be obtained as γ = 16.5, which means
the ZIF-8 thin film is 16.5 time the thickness of ZnO thin layer when completely reacted with no
extra loss. As is in the cross-section SEM image, the thickness of ZIF-8 can be estimated as around
1.3 nm to 1.5 nm, indicates that the majority of ZnO (100 nm) is converted into ZIF-8.

2.3.2 MOFs thin films growth from other metal oxide deposition
PVD process is also applied to the CuO thin layer deposition. However, unlike ZnO thin
layer, Cu layer is firstly deposited on substrate, followed by an oxidation treatment in furnace. The
treatment therefore brings about an uncertainty in confirming the thickness of CuO thin layer.
Focused ion beam (FIB) microscope is introduced to acquire the cross-section image of CuO thin
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layer (Figure S3). MOF Sifsix-2-Cu-I is applied into this method for its stable structure and broad
applications16. As is reported in conventional synthesis method, this MOF is assembled by cupric
fluoroborate, ammonia hexafluorosilicate and dipyridylacetylene in methanol/DI water solvent.
The raw materials need to be adjusted since free Cu2+ is provided by CuO thin layer, and the
solution with only ligands has been prepared. Figure 2 displays the images of Sifsix-2-Cu-I after
the conversion from CuO. The thickness of MOF is estimated as around 4 μm out of 800 nm CuO
layer, as is noted that during the reaction, the color of solvent changes from light yellow to black,
which may cause by a considerable amount of Cu 2+ dissociated into the solution, the thickness thus
is difficult to determine by calculation.

Figure 2.3 Sifsix-2-Cu-I thin film converted from CuO nanolayer. (a) The appearance of silicon
wafer coated with CuO thin layer, upper part shows with original CuO surface, while lower part
shows with MOF after the reaction. (b) Morphology of Sifsix-2-Cu-I thin film under SEM. (c)
Cross-section SEM image of Sifsix-2-Cu-I on silicon wafer.
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HKUST-1 using Cu2+ as coordination center can be applied as a candidate in the CuO
conversion synthesis. Like the fabrication of ZIF-8 thin film, For HKUST-1, the CuO coated wafer
is immersed into trimeric acid solution at room temperature, and the conversion is most likely to
be completed within 1 day (Figure S4).
For Al2O3 thin layer, ALD system which is CVD process is applied. The layer with
thickness of 70 nm is prepared for the synthesis of MIL-53 (Al), which is coordinated between
aluminum and terephthalic acid. Unlike the examples mentioned above, MIL-53 (Al) crystals
cannot be formed under room temperature, as in solvothermal method, the temperature
requirement can be as high as 180 °C. To convert Al2O3 into MIL-53 (Al), the substrate and ligand
solution are loaded into autoclave, heated with high temperature to fulfill the kinetic requirements.
Figure 3 shows the SEM images of MIL-53(Al) after the reaction, a typical spike-like morphology
of MOF crystals can be observed. It is also discovered that under different temperature, the
morphology of MIL-53 (Al) is visualized with different shapes (Figure S5).

Figure 2.4 MIL-53 (Al) thin film converted from Al2O3 nanolayer. (a) SEM image of MIL-53 (Al)
thin film. (b) Cross-section SEM image of MIL-53 (Al) on silicon wafer.
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2.3.3 Adaptation with different substrates
This strategy is supposed to be fitted to apply with various of substrates not limited to
silicon wafer, for the pivotal obstacle of poor connection between MOF layers and substrates has
been solved. It is proved that this strategy is also compatible with glass surface and nonwoven
fabrics (Figure S6, S7), which means it can be used even for flexible substrate, as long as it is not
damaged in metal oxide deposition.

2.4 Conclusion
Herein, it is demonstrated that various of continuous MOFs thin films with fine crystallinity
can be approached by a simple conversion of corresponding metal oxide nanolayer in ligand
solutions. PVD and CVD system has been introduced to produce metal oxide thin films, followed
by a solvothermal-like reaction between solid and liquid phase in organic linker solutions. For the
first time, Sifsix-Cu-i MOF thin film is prepared at a large scale. In this method, by using metal
oxide as metal sources, it voids the waste of raw materials in preparation of MOF thin films,
provides with a controllable and flexible growth pathway towards to different substrates. The
finding of this thin film synthesis method can be largely contributing to the MOF materials
application towards to the fields in catalysis and chemical sensing.

2.5 Experimental Section
Materials:
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all the ligands and solvents are purchased from of Sigma-Aldrich: 2-methylimidazole,
ammonium hexafluorosilicate, terephthalic acid, trimeric acid, 4,4’-bipyridylacetylene, methanol,
ethanol. DI water is also applied in all experiments.
Metal oxide thin layer deposition is shown in support information.
All the substrates are ultrasonic cleaned in DI water and methanol separately, drying under
pure N2 flow.
ZIF-8 thin film fabrication: 2-Methylimidazole (0.76 g) is completely dissolved in DI water
(40 ml), the substrate with ZnO nanolayer is cut into square with side length of 1.5 cm. Insert the
substrate into the ligand solution, with the ZnO layer face to the top. Seal the container, aging for
2 days under room temperature. The MOF thin film is washed with DI water and methanol before
dried.
Sifsix-2- Cu-i thin film fabrication: 4,4’-bipyridylacetylene (240 mg) is completely
dissolved in methanol (20 ml), ammonium hexafluorosilicate (230 mg) is completely dissolved in
DI water (230 mg), mix the solutions together, insert the CuO coated substrate into the solution,
with CuO layer face to the top. Aging for 2 days, the MOF is washed with DI water and methanol
before dried.
HKUST-1 thin film fabrication: Trimeric acid (0.21 g) is completely dissolved in ethanol
solution (10 ml), CuO coated substrate is immersed into the solution, with the CuO layer face to
the top. Seal the container, aging. The reaction is completed within 1 day. The MOF thin film is
washed with DI water and ethanol before dried.
MIL-53 (Al): Terephthalic acid (0.32 g) is added into DMF solvent in an autoclave, the
substrate is immersed in the solvent, face to the top, seal the autoclave and but it into an oven under
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160 °C and 180 °C separately. Take the autoclave out of oven after 2 days reaction, cool down
under ambient condition. The MOF thin film is washed with DMF and methanol before dried.
2.6 Supporting information

Figure S1 XRD patterns of as synthesized MOF thin films. (a) ZIF-8 (b) HKUST-1 (c) MIL-53
(Al) (d) Sifsix-2-Cu-i
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Figure S2 ZIF-8 thin film growth under different concentration of ligand solutions: (a) 0.03 M (b)
0.18 M (c) 0.24 M.

Figure S3 CuO deposition image (a) SEM (b) FIB cross-section (c) thickness of CuO layer.

Figure S4 SEM image of HKUST-1 thin film as is converted from CuO thin layer.
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Figure S5 SEM image of MIL-53 (Al) thin film conversion under different temperatures. (a)(b)
Reaction under 160 °C. (c)(d) Reaction under 200 °C.

Figure S6 Conversion of Sifsix-2-Cu-i thin film from CuO thin layer on glass substrate under
optical microscope with magnification factor of 8 times. (a) CuO thin layer before reaction. (b)
Sifsix-2-Cu-I thin film after reaction.
36

Figure S7 ZIF-8 thin film is grown on nonwoven fabrics under SEM.

Metal oxide thin layer deposition:
Cu and ZnO were deposited using AJA Sputtering System which is a Physical Vapor
Deposition (PVD) process under the following conditions:
For ZnO:
Equipment: AJA 300 Sputter system
Base Pressure: 5E-6 Torr
Process pressure: 5 mToor (deposition pressure)
Substrate Temperature: 300 c
Gas Flow: O2: Ar 6:6 sccm
80 Watts watts of RF power
Deposition rate 80 nm\hour

For Cu:
Equipment: AJA 300 Sputter system
Base Pressure: 5E-6 Torr
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Process pressure: 5 mToor (deposition pressure)
Substrate Temperature: Regular
Gas Flow: Ar2 12 Sccm
100 Watts of DC power--> Deposition rate 10 nm\ min
Then we put the sample in furnace and heat it for 1 hour at 200c for Cu oxidation

Alumina oxide (AL2O3), were deposited using Atomic Layer Deposition (ALD) system
which is a Chemical Vapor Deposition (CVD) process under the following conditions:
For ALD Al2O3:
Equipment: Savannah 100 by Cambridge NanoTech Inc.
250°C substrate temperature
N2 Flow rate: 20 sccm
Recipe: pulse H2O, 0.015 sec
wait 5sec
pulse TMA, 0.1 sec
wait 5sec
0.9 Å/cycle deposition rate
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CHAPTER 3. MOF-POLYMER PROTECTOR LAYER ADAPTED TO OPTICAL
FIBER SENSING SYSTEM

3.1 Abstract
Chemical sensor is commonly applied in both industrial and civil uses for the detection of
chemical compounds for safety issues. It is found that optical sensors can be readily fitted to meet
the requirement of high sensitively sensing with a real-time response. Thus, a combination of
optical fiber and metal-organic framework has brought to researchers’ attention, for metal-organic
framework with tailorable structures, it provides an incomparable selectivity towards to target
chemical compounds. Fabry-Perot interferometer is commonly realized in the optical fiber system.
Here in this work, the Fabry-Perot theory is used together with a novel MOF thin film synthesis
method which convert metal oxide layers into corresponding MOFs to manufacture a new kind of
optical fiber sensing system with its polymer protect layer as an essential part. Analytes of ethanol
vapor, mixture of CO2 and CH4 are tested with this system to realize a real-time responding sensor.

3.2 Background
Chemical sensors are widely used in many fields such as toxic gas detection, formaldehyde
sensing, air quality control etc. Thus, there is always a demand for sensing techniques to update
with better performance such as a rapid respond time, high sensitivity, good selectivity, and no
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false alarm. Sometimes the specific chemical sensors are restricted by the operation environment
because of their own functioning principles. For example, the catalytic chemical gas sensor must
work with the presence of nature air or oxygen, infrared gas sensor cannot respond to the gases
which do not have infrared absorption. Optical fiber sensor then with its superiority of less
requirement for the detection environment has brought to this field. The optical sensing is also free
from electromagnetic effect. These factors make it a good candidate when apply the optical fibers
into gas sensing. To enhance the selectivity and sensitivity of chemical sensor in the fields of
industry, environment and research, to expand the limit in chemical sensing application, MetalOrganic frameworks (MOFs) have been introduced into the fabrication of optical sensors such as
waveguide-based optical fibers3, because of their various sorption kinetics and flexible properties
due to the guest-induced mechanism. The first MOF material which is designed as a form of thin
film for the purpose of optical gas sensing can be traced back to 2010, when a series thicknesses
of ZIF-8 thin films are grown on silicon substrates by layer-by-layer method to obtain a FabryPerot interferometer (FPI), which shows respond signals to propane and ethanol/water with
different concentrations4. Up to now, more and more researchers dedicate to make MOFs coated
or attached onto the cladding or end face3,6 of optical fibers to realize a Fabry-Perot cavity and
transmission media. Not limited to gas sensing, such device can also be applied for the chemical
detection in liquid phase.
The great potential of applying MOFs into the uses of optical sensing device is undoubted,
however, numerous researches towards to a limit variety of MOFs materials which are mostly
known as ZIF-8, HKUST-1 or UIO-667 also means researches in this field have been restricted by
few options of MOFs which can be used. Those works are also mainly focusing on small gases
detection such as CO2 H2O or CO. The challenges are not limited to stability, nucleation of crystals,
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formation of continuous thin film and binding strength between MOFs layers and substrates.
Hence a reliable sensing system which can be applied for multiple MOFs different uses is still
waiting to be explored.

Figure 3.1 Example of a MOF-OP sensor interference peak shift with the wavelength change of
transmitted light. Adapted with permission from Ref. 6.
The use of MOFs materials into a Fabry-Perot optical sensing system may greatly increase
the adaptivity of such device, thus a method which is able to prepare stable and continuous film
coating with no defect has been a crucial factor to realize a MOF-optical fiber sensing system. It
is purposed in this work to have optical fiber, polymer protect layer and MOF thin film coating to
make up a Fabry-Perot system, and achieve a real-time response when uptake the target analytes.

3.3 Manufacture of Fabry-Perot device
3.3.1 Materials
All the chemicals and solvents are purchased from Sigma-Aldrich: 2-methylimidazole,
ammonium hexafluorosilicate, terephthalic acid, trimeric acid, 4,4’-bipyridylacetylene, methanol,
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ethanol. DI water is applied in all trials of experiments. Long SMF single-mode optical fibers with
polymer protective layer.

3.3.2 MOF thin film growth
Metal oxide thin layers with thickness around 100 nm are deposited onto the surface of
polymer protective layers. Cu and ZnO were deposited using AJA Sputtering System which is
a Physical Vapor Deposition (PVD) process under the following conditions:
For ZnO:
Equipment: AJA 300 Sputter system
Base Pressure: 5E-6 Torr
Process pressure: 5 mToor (deposition pressure)
Substrate Temperature: 300 c
Gas Flow: O2: Ar 6:6 sccm
80 Watts watts of RF power
Deposition rate 80 nm\hour
For Cu:
Equipment: AJA 300 Sputter system
Base Pressure: 5E-6 Torr
Process pressure: 5 mToor (deposition pressure)
Substrate Temperature: Regular
Gas Flow: Ar2 12 Sccm
100 Watts of DC power--> Deposition rate 10 nm\ min
Then we put the sample in furnace and heat it for 1 hour at 200c for Cu oxidation
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All the optical fibers together with polymer protective layers are ultrasonic cleaned in DI
water and methanol separately, drying under pure N2 flow.
ZIF-8 thin film growth: 0.38 g 2-Methylimidazole is completely dissolved in 20 ml DI
water, the optical fiber with ZnO coated polymer layer is curled and immersed into the ligand
solution. Keep the main body of the optical fiber inserted into the solution, aging for 2 days without
disturbance. Take out the optical fiber, rinse with DI water and methanol, then have it dried under
pure N2 flow.

Figure 3.2 SEM images of ZIF-8 thin films synthesized on polymer protect layer of optical fiber.
Sifsix-2-Cu-i thin film fabrication: 4,4’-bipyridylacetylene (120 mg) is completely
dissolved in methanol (10 ml), ammonium hexafluorosilicate (115 mg) is completely dissolved in
DI water (10 mg), mix the solutions together, curl and insert the CuO coated optical fiber into the
solution, keep the main body of the optical fiber inserted into the solution. Aging for 2 days, the
MOF is washed with DI water and methanol before dried.
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Figure 3.3 SEM images of Sifsix-2-Cu-i thin films synthesized on polymer protect layer of optical
fiber.
The method to convert deposited metal oxide into MOFs thin films has been already proved
to be applied for varieties of different substrates in chapter 2. Here the ZIF-8 and Sifsix-2-Cu-i
MOFs thin films are grown onto the polymer protect layer using the same method. Unlike flat
surface of silicon wafers, in this case, optical fiber and polymer layer are cylindroid which brings
up a geometric obstacle to grow continuous MOF thin film layer as is required to be defect free
for optical use with traditional method.
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SEM images are shown in figure 3.2 and 3.3, both MOFs reveal a great morphology and
obvious crystalline structures along the surface of the polymer protect layer. The thickness can
also be estimated as around 1.5 μm from the cross-section image.

3.3.3 Optical sensor principle

Figure 3.4 (a) Image of MOF coated optical fiber and (b) scheme of optical fiber and polymer
sensor with MOF thin film coating.
In conventional optical fiber sensors, it is always using end face of optical fiber to form
Fabry-Perot cavities. However, in this method, it overturns this concept by making use of polymer
protector together with optical fiber instead to using itself. When input light is transmitting in this
OF, and comes across the bended part, it is partially reflected between the polymer-MOF interface,
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and partially remaining to conduct in the core of optical fiber. When the reflected light transmits
back to the core of OF, the original light and reflective light interfere with each other to form an
interference signal. The interference peak of this signal is determined by refractive index of the
transmitted media as a constant. However, with the import of MOF thin film as a coating outside
the polymer layer, the refractive index of this combination can be easily changed due to the guestinduced effect. For dielectric properties of MOFs can be altered by adsorption of specific chemical
compounds into the pores. The specific selectivity in this way is achieved by the MOFs thin layers,
furthermore, the adsorbed amount of analyte gas molecules is determined by the partial pressure
in the atmosphere. From the peak shift of the interference, it can be reversely deduced that how
much difference of refractive index has been changed and to what degree the analytes are adsorbed
into MOFs, to obtain the concentration of analytes and realize a real-time sensing technique.

3.4 Result and discussion

Figure 3.5 Setup of MOF-polymer OF sensing system for vapor test
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To set up a MOF-polymer OF sensing system, a broadband light source (BBS) is acting as
an essential part to provide input light beams. And an optical circulator is introduced to couple the
light beam with MOF-polymer OF. When the interference light signal transmits back from the
MOF-polymer OF, an optical spectrum analyzer (OSA) is used to modulate and analyze the light
signal. Finally, the data is collected by a computer for further analysis. All the vapor tests are
processed in the sealed chamber with MOF-polymer OF to maintain a specific atmosphere when
collecting data. Before each test, the MOF-polymer OF is fixed in the sealed chamber in advance
and followed by a vacuum treatment and nitrogen gas purge to clean the chamber, the MOFs are
activated and ready to use.

Figure 3.6 Interference peak shift with presence of water and ethanol

Firstly, a simple test of Sifsix-2-Cu-i MOF-polymer OF is carried out to learn the MOF’s
response behavior towards to water and ethanol atmosphere. 10 ml water is preserved in the
chamber with OF initially, as the vaporization of water proceeds. The interference peak slightly
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increases and tend to be stable around 20 min. Later same amount of ethanol is loaded into the
environment, resulting in an obvious decreasing in the wavelength of spectrum, which means the
sensing system is instantly responding to the atmosphere change and the potential to be used for
real-time sensing is confirmed.

Figure 3.7 Interference peak shift along with ethanol concentration change.

Secondly, the liquid ethanol is measured by volume and dipped into the sealed chamber,
the interference spectrum wavelength is recorded when the ethanol is entirely vaporized into the
chamber, and volume percentage thus is acquired with corresponding wavelength. As is shown in
Figure 3.7, the wavelength of spectrum is almost linearly decreased along with increasing volume
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percent of ethanol vapor in the chamber, which makes it a predictable tendency of the wavelength
change.

Figure 3.8 The overall interference spectrum shift with a series of ethanol concentration.

Figure 3.8 shows the whole interference spectrum shift with different concentrations of
ethanol. The peak shift is disciplinary and makes it reliable to predict the target chemical
concentration with the changes.
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Figure 3.9 Interference spectrums of CO2 and CH4 gases.

Figure 3.10 Interference peaks change along with alternation of atmospheres of CO 2 and CH4
gases.
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Later standard tests of interference spectrum of CO2 and CH4 are processed. In order to
learn the relationship between spectrum shift and component change, a mixture of CO 2 and CH4
gases are also tested. When the chamber is filled with carbon dioxide gas, the signal peak is staying
at around the wavelength of 1558 nm; then the CO2 gas is vented and CH4 is infused, the peak is
shifted to 1559 nm. Repeat these steps always get the same result. When a mixture gas of CO 2 and
CH4 is filled in the chamber, the peak shifts to a position between 1558 and 1559 nm, which means
under the coefficient effect of two different gases, the interference peak shifts to a specific position
to reflect concentration of each component analytes. It may be utilized to identify the analytes in
a mixture gas by analyzing the shift difference in the future, which has largely broadened the
application of such MOF-optical sensing device.

3.5 Conclusion
A novel MOF thin films synthesis method has been applied for the preparation of MOFpolymer optical fiber sensing system. Metal oxide thin film is successfully deposited on the
polymer layer and later transformed into MOF thin film after a ligand solution treatment. The
compact and uniformed MOF thin film makes it a stable method that can be applied to prepare
such functional thin films for different purposes. Fabry-Perot interferometer is also achieved by a
combination of MOF layer, polymer layer and optical fiber, which shows a sensitively response
with the presence of ethanol, CO2, CH4 and mixture gases. It becomes a promising real-time
sensing platform with the advantages of low cost and is easy to prepare.
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